Abstract. Insects feeding on the foliage of oak were studied on a mountain where species of Mediterranean deciduous and evergreen oak coexist. There were 58 insect species (54 Lepidoptera, 1 Coleopteran and 3 Hymenoptera) belonging to twenty families in the assemblage feeding on eight species of Quercus, two of which are introduced from nearby regions. The overlap in occurrence in time and of feeding niches of the insects feeding on the foliage of the different species of oak was determined using the: (a) PooleRathcke method, which tests phenological overlap and (b) Petraitis method, which tests niche overlap. This indicated that insect families partition seasonal time in a random and the entire assemblage in a regular way. All groups of insects partitioned season randomly except for the pairs of monophagous-oligophagous and Palearctic-Eurosiberian species, which partition season regularly. Oak folivorous insects correctly perceive the three subgenera of oaks with the exception of the planted Q. robur pedunculiflora. The folivorous insects recorded on the Mediterranean evergreen oaks (subgenus Sclerophyllodrys) differ from those on the other two subgenera (Quercus and Cerris) and co-occurring deciduous trees. The hypothesis of complete general overlap is rejected for groups based on feeding specialization, zoogeographical categories and taxonomic families. The same was the case when the entire insect assemblage was considered. The percentage of specific niche overlap of the folivorous insects is low and greatest among the monophagous species (13.8%) and those with a Mediterranean distribution (15.4%). Voltinism is not very important for this assemblage and only seven species are bivoltine of which four fed on a different species of oak in the second generation. The overall conclusion is that the co-occurrence in space of these species is possible because they occur regularly at different times during the season whereas that of insect groups based on zoogeographical, taxonomic or feeding specialization are randomly dispersed in time.
INTRODUCTION
The guild of oak leaf feeders is a good system for determining the mechanisms that enable different species to coexist. The usual approach to the problem of species coexistence is to assume resource partitioning (Schoener, 1986) or a multitude of effects on the niche [such as niche compression (Schoener, 1974b) ]. This enables several species to share the same resource even though they use a single though widespread trophic substrate such as oak foliage. The leaves of oaks are consumed by several mammalian and many invertebrate herbivores Gaus, 1982; Cornell, 1985; Karban, 1985; Marquis & Phelan, 1994) . Among the later group, insects prevail and consume the foliage of oak trees in several ways, such as chewing, mining, sucking or gall forming. A certain feeding type may locally or temporally dominate but as a rule the most serious for the plant are those insects that consume the photosynthetic tissue by chewing, which can result in severe defoliation. For some authors defoliation by insects is among the most important biotic factors contributing to the decline of oak in Central Europe (Für-her, 1998) .
Resource partitioning traditionally involves two, or at most three, axes along which species differ in their exploitation of a resource and this difference can be reflected in their population dynamics. As a result the life cycles of foliage consumers are synchronized with leafflushing and the peak food-quality of the foliage (Niemelä & Haukioja, 1982; Alonso & Herrera, 2000) .
A search of the recent literature showed that time is either indirectly recorded or if not, usually invoked in explanations of species coexistence and abundance patterns. In studies on phytophagous insects time is indirectly recorded in the seasonality of abiotic factors (e.g. Schoener, 1974a Schoener, , 1986 Niemelä & Haukioja, 1982; Van Asch & Visser, 2007) or the quality of the feeding substrate (e.g. Coley et al., 1985; contra Altermatt, 2010) , which includes the chemical defenses of leaves (Feeny, 1970) . In addition, the exact timing is potentially important for many physiological mechanisms by which insect consumers of plants synchronize their development with that of their host plant (Mopper, 2005; Van Asch & Visser, 2007) . Only recently has time been considered as a resource axis because it permits the interaction of temporally non-overlapping species by incorporating the dynamics of the consumed resources (Loreau, 1992) . Insects are consumers with a generation time close to that of their food resource (Mopper, 2005; Alonso & Herrera, 2000) .
For these consumers time is expected to be a major niche dimension and is important in the segregation of species by decreasing competition even when they use the same feeding substrate. In addition to the timing and duration of the feeding stage of oak insects on the axis of seasonal time, voltinism is a life-cycle feature that permits the exploitation of foliage resources, possibly by tracking the chemical defenses of host plants and offers an additional escape from competition and natural enemies (Cizek et al., 2006) .
The insects that consume oak leaves constitute a taxonomically compact and ideal insect-plant system for testing several hypotheses of species coexistence and maintenance of biodiversity (Southwood et al., 2004) . We established four stands in an oak forest on Mt Holomontas (Chalkidiki, Greece) in order to study such a system (i) in a small geographical area (ii) both on native and introduced species of oak in a (iii) deciduousevergreen continuum (Ne'eman, 1993) of oaks of (iv) different range types, (v) on eight species of three subgenera of Quercus.
In this paper we determine whether: [1] Larvae of the different folivorous insects on the oaks are temporally segregated within the seasonal window in accordance with the seasonality of oak physiology. [2] Insects that are generalist feeders with broad geographical ranges and are taxonomically related (e.g. confamilial) have little or no temporal overlap in their exploitation of a common resource (Schoener, 1974a; Southwood & Kennedy, 1983) . Germane to this is the opinion that there is a trend in insects towards monophagy as a strategy for reducing overlap (Jolivet, 1998). [3] When the utilization of the food resources of a particular species of oak tree is considered, the estimated feeding niches of the folivorous insects overlap less than they do when only the phenologies of the feeding stages are considered.
[4] There is any difference in the folivorous insect assemblages on native and introduced oaks in terms of species richness, feeding specialization, or zoogeographical category of origin?
METHODS

Study site
The study site is in an oak-forest on Mount Holomontas (23°30´E, 40°25´N) Chalkidiki, Greece. It is a natural forest that was partially coppiced 60 years ago and is dominated by Q. frainetto and Q. pubescens at high and Q. ilex and Q. coccifera at low altitudes. In all plots oaks (eight species in all, Table 1) were dominant. Four altitudes were selected, which were representative of the variability in the area and ground vegetation: very low (< 100 m), low (100-250 m), medium (250-550 m) and high (> 850 m). At each site four two hectare rectangular plots that included all the oak species were studied. The plot with the highest oak cover was considered to be the most representative (base plot). Collectively other tree/shrub species accounted for less than 7 percent of the cover.
At each site a nearby sheltered place was used for rearing (in 21 × 7 × 5 cm boxes) and phenological observations on the insects. One or two small branches from various exposures and different heights in the canopy of each oak tree were cut on each sampling session and used as a substrate for rearing the insects. These observations acted as a guide for insect sampling and provided important phenological details about the insects.
Plant cover was measured using the point quadrat method (Aber, 1979) and cover values expressed in terms of the Domin scale (van der Maarel, 1979) .
Collection and identification of insects
Insects were collected weekly from March until November, and monthly in December and February (1997-1998) . These years were selected because the insects were then more abundant on oaks. Samples of insects were collected from all the understory plants and nearest non oak deciduous trees to the oaks that were sampled at monthly intervals.
In the base plot at each site, up to five branches (mean 3.7) at 0-1 m, 1-2.5 m, 2.5-4 m and above 4 m in the crown of each species of oak, which corresponds to samples from three randomly selected individual trees (Yela & Herrera, 1993) , were sampled for caterpillars by beating and hand collecting (Harris et al., 1972) . The scheme was done according to the equation 4 plots/site X 3 trees/plot X 4 (crown heights)/tree X 3.7 branches/(crown height) X stands 710 branches. Branches were covered with cloth sleeves at the time of examination to collect the caterpillars that were dislodged from the foliage; at the end of the sampling session the number of caterpillars in the sleeves were recorded and then returned to the foliage. Immature stages were noted and in a few cases those species new to the study or unknown were removed for further examination or rearing in the nearby sheltered place. The branches were individually beaten for 10 s by using a modified handheld vibrating apparatus (Campagnola -MAIBO, Bologna, Italy; 12 Volts, 2 beats/s). The time spent beating and number of branches beaten were the same at all sampling sessions throughout this study. The sampled branches were tagged and not re-sampled in the same month.
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As the seeds of these plants were collected from neighbouring areas of oak forest it is characterized as semi natural. Maarel, 1979) .
In the three remaining plots at each site, considered as replicates, sampling was similar except for the rearing of insects. For the comparisons of the insects on the different species of oak the numbers of insects counted at each sampling session were weighted by the cover value of each oak species and expressed as insects occurring in a 2 ha plot at each site.
Two trees of each species of oak at each site, were once a year (April, May or October) sampled using chemical knockdown, which involves mist-blowing (Golden Eagle, CA) of the foliage (Southwood et al., 1985; Ozanne, 2005) with cypermethrin (Protecta, Athens, Greece) to ensure that all species of insect were sampled. For the same purpose understory deciduous tree/shrub genera were examined for fallen caterpillars that were not collected by beating branches.
Characterization of insects
Three categories of feeding specialization were defined according to the scheme of Jolivet (1998), which is similar to that used for oak insects by Southwood et al. (2004) (Table 2) . The subcategories of feeding specialization were not considered. They were collapsed into the three major classes to increase the power of the associated statistical tests.
Zoogeographical categories were derived from a list of East Mediterranean insects (Josifov, 1986 ) and collapsed into threei.e. Pal = Palearctic distribution, ES = distributed in the Eurosiberian region, and Med = distributed around the Mediterranean -to increase the power of the subsequent statistical tests. Each insect species was assigned to a category according to its geographical distribution derived from Schwenke (1978, and references therein) (additional entries are listed in Appendix S1). The same sources were used to determine the host range of insects along with our own observations.
Voucher specimens are deposited in the insect collections of the Forest Research Institutes in Athens and Thessaloniki.
Measurement and testing of the segregation in time of the insects
Since it is expected that the different species of insect will be present at different times during the course of the season in order to minimize inter-specific competition then there should be little overlap in the time of occurrence of the larvae of the different species on each species of oak. To determine whether this is the case the Poole-Rathcke model (Poole & Rathcke, 1979; Rathcke, 1984) was used (Appendix S3). This method constructs the null hypothesis H0 that larval periods are independent and random events. If time is conceived as one dimensional niche space then their boundaries are random points, as in the broken stick model (= random niche-boundary hypothesis) of MacArthur (Giller, 1984; Fattorini, 2005) .
The starting date for the larval periods off all species is bud burst, which begins on the 59 th day from the start of the year, which occurs within ± 7 days of the first egg hatching.
To compare the phenologies of two insect groups we used the statistic Fs = Dr1/Dr2 (Rabinowitz et al., 1981) . This F statistic has k1 and k2 degrees of freedom, which correspond to the numbers of species of insects in the two groups. The grouping criteria were moth families, feeding specialization and zoogeographical categories. The phenologies in each of these groups were compared to those of the entire guild of insects eating oak foliage. In this way, we tested two null hypotheses. The first (H01) states that the dispersion of insect species within families is not significantly different from random and the second (H02) that the dispersion in both tested groups are not significantly different.
Measurement of niche overlap
As the Poole-Rathcke model uses only phenological data we used measures of niche overlap in order to introduce the effect of population density on the exploitation of resources. Niche "general overlap" is measured as a complement of time segregation in insects by including quantification into the interaction between species. The chosen measures were the Petraitis ' (1979, 1985) "specific" (SO) and "general overlap" (GO), which were statistically tested using the statistic V that has a 2 -distribution with (s -1)·(r -1) degrees of freedom, where s represents the number of insect species and r the number of resource classes. The SOij value represents the likelihood that the utilization curve of species i is derived from the curve of species j; because of differences in utilization of resources by species i and j the 57 Species covering the entire palaearctic region. Pal European and Siberian species (includes those occurring only in the west, east, north and mountain ranges) . ES Holo-mediterranean and North Mediterranean including those distributed up to Central Europe and ponto-mediterranean species.
Med
Zoogeographical category Symbol reverse is not in general true and the derived SO values are as a rule asymmetrical, that is SOij SOji.
The same holds for all species in the assemblage and is defined as the probability that the utilization curves of all species are drawn from a common curve. Resource classes were considered to be the species of oak on which the insects occurred.
The values of "specific overlap" were used in the formation of feeding clusters. The clustering method employed was the Ward clustering minimum (Orloci, 1979) variance algorithm operated on the "specific overlap" matrix of all individual folivorous insects. The estimate of the level of cluster recognition was obtained as follows: [1] The recognition of the first feeding cluster was done by considering the longest stem in the dendrogram starting from the root, which according to McCune et al. (2002) characterizes a natural group. The transverse line drawn from this node defines six other clusters.
[2] This level of cluster recognition is supported by employing either the validity index plot of pseudo F or pseudo T-square functions (Wilkinson, 2007). [3] The level of six clusters is also indicated by clues procedure as it maximizes the Silhouette index (Chang et al., 2010) . In this study all three methods of cluster recognition indicated the same number of clusters.
Within each cluster the randomness of insect larval phenologies, measured by the mean of the start and end date was tested using the Wald-Wolfowitz runs test (Wilkinson, 2007) .
The shift to another cluster of the second generation of an insect was measured as the number of nodes met when moving from one cluster to another. Statistical analyses were performed using SYSTAT 12 (Wilkinson, 2007) , R (R Development Core Team, 2008) and the packages clues (Chang et al., 2010) , vegan (Oksanen et al., 2008) and PAST (Hammer & Harper, 2006) .
RESULTS
In this study all the species of Quercus (Table 1) were locally abundant. The foliage of these oak trees was eaten by 58 species of insect belonging to three orders and twenty families, mostly Lepidoptera, Table 2 and Table  S2 (both panels, supplementary material). Seven species are bivoltine and another may have had a second generation.
The seasonal pattern of leaf chewers on oak species
The abundances of the different species leaf chewers on the different species of one genus and two subgenera of oak are shown in Fig. 1 . As a rule there are three peaks in abundance peaks except on species of the subgenus Sclerophyllodrys on which the second and third peaks are not prominent or do not exist. On Q. trojana in the subgenus Cerris there is no August peak. The same peak is evidenced as a swelling of the abundance curve on Q. ilex. On Sclerophyllodrys there is a prolongation of the season with the peak in May extending to June.
As expected, insect abundance is higher on oaks with a higher coverage. However, the Pearson product-moment correlation coefficients of insect monthly abundances with the coverage of all eight oak species are moderate (r1 = 0.639, r2 = 0.585, r3 = 0.331 for the three main peaks). This is partly due to the crossing of the Q. pubescens abundance curve with other species of the same section, and the crossings in the other two subgenera (Fig. 1) .
The tree diagram in Fig. 2 indicates that the insects correctly perceive all the species of the genus and two subgenera of oaks with the exception of the planted Q. robur pedunculiflora. This diagram was constructed on the basis of presence of insects (UPGMA of Ochiai distances) and shows that the species of the subgenus Scle-59 Fig. 2 . The different species of oak classified on the basis of the presence/absence of species of chewing insects feeding on their foliage. Insects occurring in all months were used. The clustering method used is UPGMA of Ochiai binary similarity coefficients (Hammer & Harper, 2006) . The subgenera (sectio) of Quercus are in the boxes above the clustering nodes. Introduced oaks (Q. robur subsp. pedunculiflora and Q. trojana) are underlined. Only Q. robur pedunculiflora is clustered in another subgenus close to Q. macrolepis. The label "Other species" denotes all co-occurring deciduous tree/shrub species.
1 When there is more than one generation the second generation is treated as a separate species; * corresponds to a probability of 0.05, ** to 0.01 and *** to < 0.001. rophyllodrys differ from those of the other genus and subgenus of oak and co-occurring trees and shrubs.
Segregation in time of the insects
The entire assemblage of folivorous insects exploits time in a non-random way despite the fact that species within individual insect families partition time randomly (Table 3a) . Seven families are represented in the area by only one species and their observed variance (P) cannot be calculated using the Poole-Ratchke model. However, only three families were represented by enough species for the statistical tests to have sufficient power (Table 3a) . Nevertheless, even though the species of the three families with enough species are randomly distributed in the season, the assemblage of all the insect families exploits time in a non random way.
Feeding specialization is a direct measure of an insect's affiliation with its host plant(s). In this study the occurrence in time of insects with all three types of specialization are randomly distributed throughout the season. However for the entire assemblage the distribution is non random (Table 3b ).
In terms of the three zoogeographical categories (Table  3c ) all three geographical distribution groups have random phenologies. The widely distributed insects in the categories (Pal and ES) have statistically different geographical distributions but that of those in category Med are similar to Pal and ES.
Insect niche overlap
The niches of the folivorous insects on oak only overlap slightly (GO = 0.443) with minimum possible value of GOmin = 0.021 and a sample size free (Ludwig & Reynolds, 1988) adjusted value of 0.431. When absolute numbers are considered the overlap does not change substantially (GO = 0.428 with GOmin = 0.025). Since the minimum overlap value is close to zero there is no need to adjust for the number of species in the sample. The "general overlap" is not complete ( 2 = 641.92, d.f. = 480, ns) indicating there is some overlap. Most species pairs have zero overlap and less than 10% of species pairs have overlap values greater than 0.5 (Table 4) .
There is a large number of significant asymmetries in the overlap (SO) values for the oligophagous species and those with broad geographical distributions (ES and Pal) ( Table 4 ). In general the number of significant SOs is negatively correlated with the number of asymmetrical overlaps indicating that the feeding and zoogeographical categories are densely packed, that is those with a high GO, are also richer in asymmetrical pairs (oligophagous species and ES + Pal in Table 5 ).
In all the feeding specialization categories (Table 5 ) the "general overlap" does not change when it is adjusted for the number of species, except in the case of the monophagous insects, where the change is substantially smaller. In this way a gradient of values is created and GO is highly and significantly rank correlated with feeding specialization (rrank = 0.80; P < 10 -3 ) when the data in Table 2a , c on feeding specialization is considered. In the zoogeographical categories GO decreases with increase in geographical area (Pal > ES > Med, Table 5 ).
Turning to specific overlaps significances are very rare ( cant complete overlaps while among the sub-specialists (not strictly monophagous or polyphagous) the overlaps are between the species Dicycla oo and Caliroa annulipes (both directions) and Phalera bucephaloides and Periclista albida. Of the oligophagous species feeding on oak foliage only the niches of Tortrix viridana and Zeiraphera isertana completely overlap. Polyphagous insects show the least number of significant unidirectional and no asymmetrical complete overlaps. Among them the most pronounced are the SOs of Biston strataria, Archips podana and Porthesia similis.
Segregation in time and niche overlap
Based on the niche specific overlap values and employing the Ward joining algorithm, the insects were assigned to six clusters (Fig. 3) . The results of the WaldWolfowitz runs test for the statistical inference on the randomness of larval phenologies within each cluster are shown in Table S4 (supplementary material). All clusters are randomly dispersed throughout the season.
Insect genera with more than one species show the following pattern. All species of the same genus are affiliated to two clusters. The genera Agriopis and Orthosia have two species in one cluster and the second generation of A. concosiella moves to cluster 5 (Table 5a ). Four out of seven species that have a second generation (bivoltine) exhibit a shift in feeding cluster (Table 5b) . Clusters 1 and 6 include the bivoltine species in which the second generation does not change cluster while the other clusters includes those insects that change cluster in the second generation. It must be noted that clusters 1 and 6 have the longest branches in the dendrogram (Fig. 3) . In the same figure the mean distance of the shifts is 6.25, which is very close to the average distance between all clusters, which is 5.0. The other three species remain in the same cluster probably because they exploit abundant resources.
Bivoltine species with a SO like the other insects of less than 0.165, which is the mean SO of all insect species (Table 6) , are variable in their behaviour in terms of shifting cluster. For example the monophagous species, A. literana, does not show cluster shift while A. consociella with higher than 0.165 mean SO, moves in the second generation to another cluster, i.e., 5. In oligophagous insects, C. punctaria with a very low mean SO (0.080) exhibits cluster shift while the remaining oligophagous species exhibit variable behaviour. The (Table 6 ). However, this pattern is not shown in the values of general overlap GO (Table 4) due to the GO values of the oligophagous insects.
DISCUSSION
The number of species recorded in this study is similar to that recorded for other Greek oak forests (Kailidis, 1986) and comparable to that recorded in other studies on oak (Kulfan et al., 1997 (Kulfan et al., , 2006 Csoka, 1998; Southwood et al., 2004; Bolz, 2008; Haecker & Müller, 2008) .
There is an evolutionary transition in Mediterranean oaks ranging from evergreen Q. ilex and Q. coccifera (subgenus Sclerophyllodrys) through the phenologically plastic Q. macrolepis (subgenus Cerris) to the deciduous Q. trojana (subgenus Cerris) (Boratynski et al., 1992; Ne'eman, 1993) . This difference is intensified by the fact that deciduous oaks use starch from reserves accumulated in the previous growing season in the biosynthesis of organic matter for new leaves. In evergreen oaks the organic matter comes from recently produced sugars, which are produced by the old but functional leaves (Damesin et al., 1998, and references therein) . This is probably a reason for the peaks and the differences in the abundance curves of defoliators. The first peak in May is common to all oaks but in species of the subgenus Sclerophyllodrys it extends into June due to the unfolding of new leaves, which are present along with the old ones. Evidently, the folivorous insects feeding on these species can obtain sugars throughout the growing season and do not show the periodicity in abundance recorded in the other subgenera. Thus, the summer peak in August is absent. In subgenus Cerris it recorded for only one species but in the subgenus Quercus it is prominent (Fig. 1) . The autumnal peak is present in all species. The lower level of the summer and autumnal peaks is caused by many factors, the most important being the absence when the leaves are mature of many groups, such as Noctuidae (Alonso & Herrera, 2000) . In fact only seven (eight?) species had a second generation, six in summer and two in autumn. This is in accordance with the results of Cizek et al. (2006), who tested the hypothesis that quantitative defenses restrict the number of generations in European butterflies.
The insects found here perceive differently the three subgenera in the genus Quercus. Fig. 2 indicates the conformity of caterpillar presences with Quercus subgeneric taxonomy with the exception of the planted Q. robur pedunculiflora. On the recognition of oak by moths there are at least two not necessarily opposing views. The first comes from the work of Simchuk (2008) who found that certain genotypes of T. viridana exhibit marginal fitness (fecundity and body size) on some genotypes of Q. petraea and Q. pubescens and minimal fitness on other genotypes, and the work of Tovar- Sanchez & Oyama (2006) who found that the entire arthropod fauna (532 taxa) was determined by the taxonomic status of trees based on a hybridization continuum. The second comes from the work of Tack et al. (2010) who studied the insect herbivore communities on Q. robur and found that the only significant factor associated with the structure of the insect community was plant phenology (48%). Both views are relevant to the current study as the insect assemblage and different oak species have various proximities on Mt Holomontas. For example, in the cluster of subgenus Quercus (Fig. 2) Q. dalechampii is grouped with Q. pubescens but not with the taxonomically and geographically similar Q. frainetto. Also, Q. macrolepis is grouped closer to Q. robur pedunculiflora than to Q. trojana, which is taxonomically more similar, mainly because of its spatial proximity. However, Q. macrolepis is included in the subgenus cluster Cerris rather than the cluster with Q. pubescens with which it is syntopic.
This study showed that in this assemblage of oak foliage eating insects time is partitioned in a way that minimizes inter-specific interference. The partitioning of the season by the groups of insects that exploit the same 62 NS -not significant. species of oak tree is random but non random when they are considered as an assemblage.
The number of specialists (29%) is considerably larger than in assemblages of defoliators on oaks in the north.
Bolz (2008) records a small percentage (5%) of monophagous oak moths while Haecker & Mueller (2008) records between 12.5% and 26.1%. The restriction to a narrow time window is in accordance with the "adaptive Fig. 4 . The larval periods of the insects feeding on the leaves of oaks on Mt Holomontas sorted by means of the months in which their peak numbers were recorded. Only presences are considered here. Insects with two generations are shown as different species followed by the number "2". Insect names are preceded with the affiliated cluster name marked with Arabic numerals (1…6) as shown in Fig. 3 . Cilix glaucata is not shown because its larvae were rarely collected. This insect is represented by Periclista albida, for which the start and end date of appearance of its larvae were the same. Congeneric species are shown against a grey background and are linked by converging lines. deme formation hypothesis", which states that monophagous short-lived insects on long-lived hosts are locally adapted to them (Edmunds & Alstad, 1978; Mopper, 2005) although the scale of this adaptation and subsequent formation of adaptive demes is questioned in the case of the pedunculate oak (Quercus robur) / monophagous leaf-mining moth (Tischeria ekebladellla, Lepidoptera: Tischeriidae) system (Roslin et al., 2006 , Gripenberg et al., 2007 .
The general niche overlap correlates well with feeding specialization and becomes smaller with increase in specialization, that is the proportion of specialists increases and more importantly there are fewer competitors. This supports the idea that specialization within the same guild is a means of escaping competition from conspecifics (Schoener, 1986) . The result is a mixture of specializations in insect communities. The existence of generalists (the existing species) and specialists is seen here in the three Agriopis species within this assemblage.
This mixture of feeding specializations and the many species of oaks they can feed on (and other plants) probably resulted in the prevalence of asymmetries in the niche specific overlaps. Asymmetries, especially strong ones, are the rule in insects (Denno et al., 1995) and only some sap-feeders and bark beetles interact symmetrically. However, Denno et al. (1995) found a low percentage of asymmetrical interactions.
Specialization and time partitioning are expected to interact according to the "niche compression hypothesis" (Schoener, 1974b) . Since larvae can withstand starvation for some time (Van Asch & Visser, 2007) they can abandon some food items -i.e. leaves -or the generalists expand their diets to compete with specialists, which as a rule are small insects. For example, in the geometrid genus Agriopis there is one monophagous (m), one oligophagous (o) and one polyphagous (p) species (Table 2 ). The feeding niche of A. leucophaearia overlaps those of nine other insects in the same feeding group. Moreover, this insect is separated from the feeding guild (cluster 5) of the other two congeners (cluster 3) (Fig. 3) , principally on the basis of its high abundance on Q. frainetto and to a lesser degree on Q. dalechampii.
Insect phenology cannot be more closely synchronized with that of their host plants (for Operophtera brumata and Quercus rubra, Topp & Kirsten, 1991; Tikkanen & Julkunen-Tiitto, 2003) . As a result, the degree of synchrony strongly varies between years (Van Asch & Visser, 2007) . Thus, compared to trophic separation, separation in time is not important and A. leucophaearia coincides with A. bajaria, which is in turn quite distant in time from A. marginaria (Fig. 4) , which is in cluster 3 (Fig. 3) . Interestingly, Haecker & Mueller (2008) , using literature from middle Europe, classify A. leuophaearia and A. marginaria as oligophagous on deciduous trees.
Another situation is found in the genus Acrobasis of which the three monophagous (species (Table 2a) occur in the same cluster (6) but in three different sub-clusters (Fig. 3) . As seen in Fig. 4 separation in time does not occur and all three species are present in July-August. However, A. consociella has a second generation, which reduces the packing of these insects in the assemblage. This occurs in a variety of situations where shortening of generation time creates room for an additional generation in the framework of host plant phenology. This is formulated as the "time constrained hypothesis" (Nylin et al., 2009) . In terms of voltinism Cizek et al. (2006) predict that European butterflies have fewer generations when their host plants are qualitatively defended, the favourable season (food availability) is short, and they are small in size and gregariousness. Oaks are quantitatively defended and the favourable season on Mt Holomontas is long. Also, the same authors indicate that some insects remain monovoltine despite the fact there is sufficient time for more generations (there are no time constraints), probably because there are phylogenetic constraints. This possibly accounts for the low number (seven out of fifty-eight species, Table 6b ) of bivoltine species in the system studied.
In terms of biogeography the widely distributed Holarctic insects partition time better than those of other biogeographic regions because they have crossed more genetic barriers and experienced more competition. Eventually, they become locally extinct or cause the extinction of other species. Perhaps, one reason why widely distributed species do not show clear partitioning of resources is that their local populations are not more phenologically plastic than narrowly distributed species (Altermatt, 2010) .
Time-partitioning is achieved by behavioural and physiological mechanisms in periods as short as one day or phenologically if the period is one year. Moreover, the phenology of an insect depends strongly on the completion of certain developmental stages, which is essentially a polygenic trait. Thus, time-partitioning among the members of all insect assemblages are unlikely to be perfect. In the case of at least one host plant, Q. macrolepis, this does not hold since individuals of this plant can be either deciduous or evergreen (Ne'eman, 1993) . There are many ways to circumvent the phenological variation between host trees. One way is for the insects to track the variation in each oak species by changing their feeding phenology. Another way is for the insects to become more polyphagous and exploit other congeneric plants. Then the large number of insect species and voltinism transform partitioning from random to regular. Random partitioning of time can also result if time is used as a means of reducing competition between species whose niches widely overlap. The co-occurrence of deciduous and evergreen oaks enables insects to escape the constraints of time by feeding on both species at different times of the year. TABLE S4 . Wald-Wolfowitz tests of the larval phenologies (mean of start and end date) of oak foliage feeding insect clusters. An insignificant test (P > 0.05) implies that the larval phenologies of the insects belonging to the same cluster are randomly dispersed in time during the season.
